1. Introduction
===============

Chronic obstructive pulmonary disease (COPD) is the most common and a leading cause of mortality and morbidity worldwide. COPD was ranked among the top 20 conditions causing disability globally and the eighth cause of disease burden measured by disability-adjusted life years in 2015.^\[[@R1]\]^ The morbidity and mortality leaded by COPD have been still increasing unceasingly, and COPD is expected to be the third most common cause of death by 2020 worldwide.^\[[@R2]--[@R4]\]^ Emphysema is the main pathological features of COPD. Loss of lung elastic recoil leads to airflow obstruction, gas trapping and increased operating lung volumes. Despite optimal pharmacological therapy consisting of both short-acting and long-acting β2 agonist sand anticholinergic agents, COPD patients with a predominant emphysema phenotype remain significantly disabled. Medical treatment for emphysema does not prevent disease progression.^\[[@R5]--[@R7]\]^
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Air flows preferentially through collateral pathways, which is associated with the destruction of alveoli and small airway, the properties changes of elastic recoil and radial support in emphysema.^\[[@R8]\]^ During exhalation, alveolar and small airway collapse lead to air gather in dysfunctional small airway without exchange and collateral ventilation in emphysema. Collateral ventilation is regarded as a kind of invalid ventilation, but a key issue for lung volume reduction when treat for emphysema.^\[[@R9]\]^ Lung volume reduction surgery (LVRS) is able to improve pulmonary function parameters significantly. However, 6-minute walk distance (6MWD) cannot be significantly improved after the initial intervention. Meanwhile, LVRS is associated with risks of early mortality and adverse events.^\[[@R7],[@R10]\]^

In the recent years, a variety of bronchoscopic lung volume reduction (BLVR) procedures offer alternative novel treatments for selected patients with emphysema.^\[[@R11]\]^ However, some important issues, especially the effect on BLVR procedures, are insufficiently addressed, which provides an unbalanced view on the topic.^\[[@R12]\]^ Here, our study provides the first network meta-analysis of all available randomized trials, which comprehensively compared and ranked different strategies of BLVR and medical treatment in COPD with emphysema phenotype. We did network metaanalysis to identify both direct and indirect evidence from relevant trials. Adverse events, treatment effects percent change in forced expiratory volume (FEV1), change in 6MWD and St George\'s respiratory questionnaire (SGRQ) and risks of mortality are under the evaluation to present a clear advantage for patients with emphysema.

2. Methods
==========

2.1. Search strategy and selection criteria
-------------------------------------------

For this network metaanalysis, we searched PubMed, Cochrane Library, Embase, and Web of Science from January 2001 to August 2017 to collect randomized clinical trials (RCTs) about BLVR for emphysema. The search terms included "lung volume reduction procedures," "Lung volume Reduction coils," "emphysema," "Intrabronchial valve," "Endobronchial valve," "Emphysematous lung sealant," "Airway bypass," "Bronchoscopic thermal vapor ablation," " endobronchial valve ," " intra-bronchial valve," " lung volume reduction coils," "ABS," and " emphysematous lung sealant." No language restrictions and time limits were applied to the initial search.

We included the following interventions: lung volume reduction coils (LVRC), intra-bronchial valve, endobronchial valve (EBV), emphysematous lung sealant (ELS), airway bypass, medical care (MC), bronchoscopic thermal vapor ablation (BTVA), and sham control. Patients involved in trials were with moderate to severe emphysema. We excluded studies that recruited participants with giant or bullous emphysema; however, RCTs recruiting participants with treatment duration of less than 4 weeks, or with an overall sample size of fewer than ten patients were excluded.

2.2. Data extraction and quality assessment
-------------------------------------------

Two authors (Wu Xu and Guoping Li.) extracted the data with a predefined data extraction sheet and assessed the risk of bias with the Cochrane risk of bias tool. Some articles were excluded on account of the inclusion criteria that they do not meet by reading the full text independently. Any discrepancies were resolved by consensus and arbitration by a panel of other investigators within the review team. Two authors (Wu Xu and Guoping Li.) reviewed the full text of all the RCTs on the basis of their own study design and assigned a value of 'high risk', 'low risk' or 'unclear risk' to the following: random sequence generation (selection bias); allocation concealment (selection bias); blinding of participants and personnel (performance bias); blinding of outcome assessment (detection bias); incomplete outcome data (attrition bias); selective reporting (reporting bias); and other biases. Some articles were excluded on account of the inclusion criteria that they do not meet by reading the full text independently. Any discrepancies were resolved by consensus and arbitration by a panel of other investigators within the review team. The study is not involved in ethical approval.

3. Outcomes
===========

We considered the lung capacity, survival, and the health-related quality of life as the primary outcomes. The percent change in forced expiratory volume in one second was used to evaluate the lung capacity. The perioperative and postoperative mortality was used to evaluate the survival. The Georges respiratory questionnaire was used to evaluate the health-related quality of life. Secondary outcomes included exercise capacity and adverse events. The 6MWD was used to evaluate the exercise capacity. We defined acute treatment duration between 12 and 48 weeks, and we gave preference to the time-point used in the original study as the study endpoint.

3.1. Statistical analysis
-------------------------

The network meta-analysis was performed with the random-effects model using STATA 14.0 (STATA Corp, College Station, TX) software. The standardized mean difference (SMD) was calculated as the effect size for continuous outcomes, and the odds ratio (OR) was calculated for dichotomous outcomes, both with 95% confidence intervals (CIs). We assessed statistical heterogeneity in each pair-wise comparison with the *I*^2^ statistic and *P* value.

A network plot was produced to represent the overall information of the trials included in the analysis. We used the funnel plot to detect publication bias. The funnel plot should be symmetrical near the zero line if there is no publication bias.^\[[@R13]\]^ The contribution of each direct comparison to each network estimate was calculated according to the variance of the direct treatment effect and the network structure, later summarized in a contribution plot. The node splitting method was used to calculate the inconsistency of the model, which separated evidence on a particular comparison into direct and indirect evidence.^\[[@R14]\]^ We estimated the ranking probabilities for all treatments of being at each possible rank for each intervention. The probability of a treatment being ranked was summarized and reported as surface under the cumulative ranking curve (SUCRA).^\[[@R15]\]^ Additionally, we assessed the quality of evidence contributing to each network estimate using the GRADE framework, which characterizes the quality of a body of evidence on the basis of the study limitations, imprecision, inconsistency, indirectness, and publication bias for the primary outcomes.^\[[@R16]\]^ To assess the influence of single study on the overall results, sensitivity analyses were conducted by discarding individual studies sequentially. We calculated statistical heterogeneity in each pair wise comparison with the *I*^2^ statistic and *P* value by R (version 3.4.1) software.^\[[@R17]\]^

3.2. Role of the funding source
-------------------------------

The funders of the study had no role in study design, data collection, data analysis, data interpretation, writing of the report, or in the decision to submit for publication.

4. Results
==========

Overall, a total of 4942 studies were identified by our literature search. After scanned titles and abstracts, we identified 1871 duplicate articles retrieved through multiple search engines. Another 2946 irrelevant articles were excluded based on the titles and abstracts. Then the full texts of the 125 remaining articles were reviewed, thirteen RCTs (1993 patients) were published from 2010 to 2016, and 6 BLVR procedures, sham control, or MC compared (Fig. [1](#F1){ref-type="fig"} and Table [1](#T1){ref-type="table"}). The search strategy and results were given in the appendix page 5. The full references for all trials were given in the appendix page 3. The mean study sample size was 145 participants, ranging between 46 and 321 patients. Overall, 1157 participants were randomly assigned to BLVR, 533 participants to MC, and 303 to sham control. The median duration of the acute treatment was 27 weeks, ranging between 12 and 48weeks. The basic characteristics of the included studies were presented in Table [1](#T1){ref-type="table"}.

![Study selection. RCT=randomised controlled trial.](medi-99-e18936-g001){#F1}
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Full references for all trials are given in the appendix (p 14).
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Figure [2](#F2){ref-type="fig"} showed the network of eligible comparisons for mortality at end of follow-up. For graphical representation of the other networks see appendix 4. The width of the lines is proportional to the number of trials comparing every pair of treatments, and the size of every circle is proportional to the number of randomly assigned participants (sample size). The results from pair wise metaanalysis for each outcome about numbers, estimates, and heterogeneity see appendix 10. The comparison-adjusted funnel plot for each outcome from the network meta-analysis was in appendix 5. The contribution plot for each outcome from the network meta-analysis was in appendix 6. The contribution plot for mortality, adverse events, percent change in FEV1, and units SGRQ change from baseline in all comparisons of the network suggested that the comparison of EBV versus MC had the largest contribution in the entire network (24.2%). The contribution plot for meters change from baseline in 6MWD in all comparisons of the network suggested that the comparison of EBV versus MC or sham control had the largest contribution in the entire network (25.0%).

![Network of eligible comparisons for mortality at end of follow-up. The width of the lines is proportional to the number of trials comparing every pair of treatments, and the size of every circle is proportional to the number of randomly assigned participants (sample size). ABS = airway bypass; BTVA = bronchoscopic thermal vapor ablation; EBV = endobronchial valve; ELS = emphysematous lung sealant; IBV = intrabronchial valve; LVRC = lung volume reduction coils; MC = medical care; SC = sham control.](medi-99-e18936-g003){#F2}

The results of the network meta-analyses for the primary outcomes were presented as a league table in Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}. MC and EBV were also associated with a decreased proportion of mortality compared with MC LVRC alone (OR -0.38, 95% CI -1.16 to 0.41 and OR -0.50, 95% CI -1.68 to 0.68, respectively). The actual number of patients with mortality was in Table [2](#T2){ref-type="table"} and adverse events were in Table [3](#T3){ref-type="table"}. BTVA and EBV were associated with a significantly change in SGRQ compared with MC alone (SMD -0.74, 95% CI -1.43 to -0.05 and SMD 0.44, 95% CI 0.11 to 0.78, respectively). BTVA significantly improved percent change in FEV1 compared with MC (SMD 0.99, 95% CrI 0.37 to 1.62), intra-bronchial valve (IBV) (SMD 1.25, 95% CrI 0.25 to 2.25), and LVRC (SMD 0.72, 95% CrI 0.03 to 1.40). MC was associated with a significantly lower improving percent change in FEV1 than EBV (SMD -0.45, 95% CrI -0.69 to -0.20). Results for secondary outcomes of exercise capacity and adverse events see appendix (page 28--31). ELS was associated with a greater improvement in 6MWD in COPD patients with predominant emphysema compared with other four BLVR procedures, sham control, and MC (SMD ranging between -1.96 and 1.99).In addition, MC was associated with less improvement in 6MWD in patients with emphysema than LVRC (SMD -0.38, 95% CrI -0.75 to -0.01) and EBV (SMD -0.39, 95% CrI -0.71 to -0.07). MC was associated with lower adverse events compared with IBV (OR -2.5, 95% CrI -4.70 to -0.29), EBV (OR-1.73, 95% CrI -2.37 to -1.09),LVRC (OR -0.76, 95% CrI -1.24 to -0.28), ELS (OR -1.53, 95% CrI -2.66 to -0.39), and airway bypass (OR -1.57, 95% CrI -3.74 to 0.61). LVRC showed lower adverse events than ELS (OR -0.77, 95% CrI -2.00 to 0.47).

![Network meta-analysis of units SGRQ change from baseline and mortality at end of follow-up Comparisons should be read from left to right. The SGRQ and mortality estimate is located at the intersection often column-defining treatment and the row-defining treatment. For mean overall change in SGRQ, an SMD below 0 favours the column-defining treatment. For mortality, an OR below 1 favours the row-defining treatment. To obtain SMDs for comparisons in the opposing direction, negative values should be converted into positive values and vice versa. To obtain ORs for comparisons in the opposing direction, reciprocals should be taken. Significant results are in bold and underlined. BTVA=bronchoscopic thermal vapor ablation. ABS = airway bypass; EBV = endobronchial valve; ELS = emphysematous lung sealant; IBV = intrabronchial valve; LVRC = lung volume reduction coils; MC = medical care; OR = odds ratio; SC = Sham control; SGRQ = St George\'s respiratory questionnaire; SMD = standardized mean difference.](medi-99-e18936-g004){#F3}

![Network meta-analysis of percent change in FEV1. Comparisons should be read from left to right. The percent change in FEV1 estimate is located at the intersection of the column-defining treatment and the row-defining treatment. For percent change in FEV1, an SMD below 0 favours the row-defining treatment. To obtain SMDs for comparisons in the opposing direction, negative values should be converted into positive values and vice versa. Significant results are in bold and underlined. ABS = airway bypass; BTVA = bronchoscopic thermal vapor ablation; EBV = endobronchial valve; ELS = emphysematous lung sealant; FEV1 = forced expiratory volume in 1 s; IBV = intra-bronchial valve; LVRC = lung volume reduction coils; MC = medical care; SC = Sham control; SMD = standardized mean di-erence.](medi-99-e18936-g005){#F4}
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Number of patients with mortality according to study treatment.
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Number of patients with adverse events according to study treatment.
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The test of inconsistency from the node-splitting model showed no significant differences between some comparisons in mortality, adverse events, the percent change in FEVI, meters change from baseline in 6MWD, and units SGRQ change from baseline see appendix 7. The comparison-adjusted funnel plot for each outcomes were not suggestive of any publication bias see appendix see appendix 5, . The comparison-adjusted funnel plot for mortality, adverse events, percent change in FEV1, meters change from baseline in 6MWD, and units SGRQ change from baseline in all comparisons appeared symmetric, implying the absence of small study effects in the network.

The ranking of treatments based on estimated probability plots and SUCRAs see appendix 9. EBV (47.3%), airway bypass (13.0%) and IBV (54.3%) showed lower SUCRA value for mortality compared with LVRC, ELS and BTVA.LVRC (28.2%), airway bypass (57.7%) and BTVA (52.5%) showed lower SUCRA value for adverse events compared with EBV, ELS and IBV. ELS (73.3%), EBV (66.6%) and BTVA (93.7%) showed higher SUCRA value for FEV1 improvement compared with LVRC, airway bypass, and IBV. ELS (99.4%), EBV (73.5%) and LVRS (71.0%) have higher SUCRA value for change in 6MWD than IBV and airway bypass. For change in SGRQ scores, IBV (68.1%), EBV (47.7%), and LVRS (47.0%) were better than other three BLVR. According to GRADE, the quality of evidence for primary outcomes (mortality at end of follow-up, percent change in FEV1, and units SGRQ change from baseline) were moderate inmost comparisons see appendix 11.

5. Discussion
=============

Different strategies of BLVR have been studied. LVRC is designed to enhance lung recoil, compress emphysematous tissue, and improve ventilatory mechanical function.^\[[@R18]\]^ EBV is designed to mimic the physiological effects of LVRS by unilaterally excluding target diseased lobe of the lung. IBV is small umbrella-shaped devices designed to limit airflow to distal diseased lobe of the lung.^\[[@R19]\]^ ELS are designed to facilitate deflation through irreversibly blocking small airways and collateral channels.^\[[@R20]\]^ Small bronchial holes reinforced by stents were created next to severely emphysematous regions to reduce lung hyperinflation through improved collateral ventilation (airway bypass).^\[[@R21]\]^ BTVA induces a localized inflammatory response by delivering heated water vapour to targeted diseased lobe of the lungs, bringing about volume reduction.^\[[@R22]\]^ Previous trials of BLVR procedures were very unlikely to directly compare different strategies of BLVR. A network metaanalysis can be very informative to different strategies of BLVR. In our present studies, we deemed 13 RCT trials eligible. The duration of the acute treatment was ranged between 12 and 48weeks. We found that the quality of evidence was rated as moderate in most comparisons. Our results provide a comprehensive and systematic analyze evidence for BLVR treatments in patients with emphysema by comparing with MC and sham control.

Pharmacologic therapy does not lead to a repair of emphysema and long-term decline of lung function as well as survival time of COPD patients.^\[[@R23]\]^ Alternative minimally invasive approaches using BLVR have been at the forefront of these developments. BLVR might have benefits that are comparable with pharmacologic therapy. In our present analysis, BTVA significantly improved percent change in FEV1 compared with MC, IBV, and LVRC. EBV was associated with a significantly improving percent change in FEV1compared with MC. BTVA and EBV were associated with a significantly change in SGRQ compared with MC. LVRC, ELS and EBV were also associated with a greater improvement compared with MC in 6MWD in COPD patients with predominant emphysema, but not in IBV and Airway bypass (Supplementary appendix 8 to the manuscript, Fig. [4](#F4){ref-type="fig"}). SUCRA value for providing the hierarchy of BLVR on emphysema, BTVA has the best SUCRA value for FEV1 improvement. ELS and EBV also have higher SUCRA value for FEV1 improvement. IBV, EBV and LVRC have high SUCRA value for the change in 6MWD in patients with predominant emphysema. Notably, our data suggested that EBV had noticeable beneficial effects on the improvement of FEV1, 6MWDand SGRQ in different strategies of BLVR.

Although medical treatment regiment like inhaled corticosteroid increased the risk of osteoporosis and pneumonia,^\[[@R24]--[@R26]\]^ pharmacologic therapy has low severe adverse events. Moreover, robust evidence suggests a safety profile of Long-acting beta2-agonist which has been considered as potentially proarrhythmic agent.^\[[@R27],[@R28]\]^ It has been showed that the procedures of lung volume reduction were associated with risks of early mortality and adverse events. However, long-term mortality after lung volume reduction may be lower than standard MC.^\[[@R10],[@R12]\]^ In our studies, MC was associated with a significantly lower proportion of adverse events compared with IBV, EBV, LVRC, ELS, and airway bypass. In different strategies of BLVR, LVRC showed low adverse events compared with ELS. Adverse events observed in network meta-analysis had no significant difference among LVRC, IBV, EBV, and BTVA (Supplementary appendix 8 to the manuscript, Fig. [3](#F3){ref-type="fig"}). EBV showed a decreased proportion of mortality compared with LVRC. However, IBV was associated with a significantly greater proportion of mortality compared with sham control. LVRC was also associated with a significantly greater proportion of mortality compared with MC (Fig. [3](#F3){ref-type="fig"}). In SUCRA rankings for different strategies of BLVR and MC, EBV and airway bypass have the lower SUCRA value for mortality compared with MC. But ELS, LVRC, IBV, and BTVA have higher SUCRA value for mortality compared with MC. Indeed, MC exhibited the lowest SUCRA value for adverse events. However, EBV exhibited decreased mortality compared with MC. Our results provided a strong evidence of EBV, which was also associated with lower mortality compared with MC.

This study has some limitations. In the GRADE framework, the comparisons for mortality at end of follow-up, percent change in FEV1, and units SGRQ change from baseline were assessed as moderate. Those may restrict the interpretation of the improvement inFEV1, mortality, and SGRQ. The evaluation of both heterogeneity and inconsistency is also important to ensure valid results from a network meta-analysis.^\[[@R29]\]^ In our present studies, a node-splitting analysis was performed to assess evidence consistency. We did not find inconsistency for mortality, adverse events, FEV1 improvement, 6MWD, and SGRQ in direct and indirect comparisons. Even though we identified both direct and indirect evidence from these relevant trials, we still faced whether our analytical results were credible enough for clinical directive significance. Unfortunately, there still exist limitations for clinical directive significance in this network meta-analysis. Under our rigorous screenings, only thirteen relevant published trials were included in our estimate for addressing this important but inconclusive issue of treatment option to participants suffering from emphysema. The efficiency and reliability of these data contained in these randomized trials are uncertain. Network meta-analysis is a statistical method integrating massive features and data so that we lack of definite individual patient-level data, the accuracy and reliability of published information is questionable.^\[[@R30]\]^ The potential bias cannot be ruled out because of the situation of selective reporting, overestimate of treatment efficacy or small sample size.^\[[@R7],[@R31]\]^

In summary, this comprehensive network-meta analysis provided some evidences that BLVR had noticeable beneficial effects on the improvement of FEV1, 6MWDand SGRQ. BTVA, IBV, LVRC, and EBV significantly improved FEV1 compared with MC. BTVA and EBV were associated with a significantly change in SGRQ compared with MC. LVRC, ELS and EBV were associated with a greater improvement compared with MC in 6MWD in patients with emphysema as well. Our results also showed that MC was associated with a significantly lower proportion of adverse events compared with IBV, EBV, LVRC, ELS, and airway bypass. Importantly, EBV had noticeable beneficial effects on the improvement of FEV1, 6MWD and SGRQ, and was associated with lower mortality compared with MC in different strategies of BLVR. We further found that the evidence of comparisons for primary outcomes was assessed as moderate in the GRADE framework. Those may restrict the interpretation of network-meta analysis.
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Abbreviations: 6 MWD = 6-minute walking distance, BLVR = bronchoscopic lung volume reduction, BTVA = bronchoscopic thermal vapor ablation, COPD = chronic obstructive pulmonary disease, EBV = endobronchial valve, ELS = emphysematous lung sealant, IBV = intra-bronchial valve, LVRC = lung volume reduction coils, MC = medical care, RCT = randomized clinical trials, SGRQ = St George\'s respiratory questionnaire.
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